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'7i* i. Li»: :s Anthony Rai.i*;; Ross. 
of 5-1 L::i!i\nir l)n\c. South Ascot, Berk- 
shire, a British subject, do hereby declare 
the invention, for which I pray that a patent 
5 may be granted to me, and the method b> 
which it is lo be performed, to be par- 
ticularly describe:: in and by the following 
statement: 

10 and devices lor app ! >ing linings to the 'in- 
terior surfaces of pipelines in sim for the 
purp.-se of sealing leaks, an.d for certair. 
as.NOci.iied or similar ta-ks. Th.c invention 
i> applicable to pipelines carrying fluids 

15 under pressure ard is particularly app'icablc 
!o gas mains. 

Ouite commoniy during the lifetime of a 
pipeline deterioration of its inner surfaces 
lakes place as a result of attack by organic 

20 and inorganic matter as in the case of water 
mains, or by moisture or acids borne in the 
fluid stream in a gas main. 

Similarly deterioration in the effectiveness 
lo withstand leakage of the joints connect- 

25 ing adjacent sections of pipeline takes place 
as a result of ground movement due iO 
subsidence or traffic vibration, inherent bad 
workmanship or defective materials. Also 
in the case of socket and spigot joints which 

30 have been sealed with yarn and lead, the 
effect of transporting dry natural gas in 
place of moist town .gas causes drying out 
and shrinkage of the yarn leading to the 
creation of leakage fissures. 

35 Where a wedge-shaped rubber sealing 
ring ho been used in a socket and spigot 
joint in a gas pipeline, moisture and sol- 
vents carried by town gas- have aided the 
effectiveness of sealing. On the introdue- 

4=) lion of dry natural gas a drying-out and 
shrinkage of the rubber rings has been occa- 
sioned, leading to leakage from the joint. 

In the cases cited, severe leakage becomes 
a problem. 

45 Various methods of combatting the pro- 
[/V/7r ?5H 



bici:i> of sari ace deterioration and or joint 
leakage have been de\ised employing spray- 
ing techniques, smearing with a sealing 
c -.'iiipourid. flooding the pipeline with .1 
sealing fluid followed by preformation and 50 
drainage of the li::c. mechairca! and hard 
trowelling of sealing compounds employing 
.emciils or mastic> and. om large main>.. i\ 
niariuu; injection oj a >caiing compound. 

However, al! th:>c methods are cither ^ 
liiv.. -consuming or e*- irav agaal of sealing 
omii pound. 

According!), the invention provides a 
me, hod of lining tie inner surface of 1 
cylindrical pipeline comprising inserting no 
inio the pipeline a tubular, flexible, imper- 
meable membrane in a col!ap>cd slate, ex- 
panding the membrane by injection of a 
fluid until the membrane lies adjacent said 
surface, and causing the membrane to ad- ^5 
here to the surface over only the upper 
part thereof by means of an adhesive. 

The invention also provides apparatus ; *or 
u>e in the aforesaid method comprising a 
container for holding the flexible tubular 70 
membrane, the container being supported 
on u heels adapted to run on *he walls of 
the pipeline and mean-, for paying out a 
ilexible tubular membrane in a rearward 
direction relative to the direction of motion 75 
of the container. 

The invention ma> be used to prevent ;ne 
deterioration of the interna! surface of pipes 
or pipelines and or the leakage, from joints, 
of the transported fluid. ^0 

The invention may be used .0 provide an 
inierna! lining to pipes prior to assembly to 
form a main or pipeline and is not limited 
to gas pipelines but may also be applied to 
water mains or other pipelines. M5 

In essence the invention provides for the 
positioning of a thin, continuous and com- 
plete membrane in intimate contact with 
the inner surface of a length of pipeline, 
such that all inner surfaces of the pipeline "*M 
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arc completely divorced from the fluid 
transported and so that all joints or porous 
regions are Kr »dgcd or shrouded by the 
membrane which forms a complete barrier 
5 to the egress of fluid. 

A further development of the invention 
also provides for a method of handling r .he 
membrane as manufactured in order that its 
shape and condition should be made suit- 

|{) able for use as desired and for a device 
comprising several pans for positioning the 
membrane as described. 

The membrane to be used is preferably a 
continuous, seamed or seamless tube having 

15 very low ratio of wall thickness to diameter, 
preferably such that the tube could be 
folded easily in any plane. 

The external diameier of the membrane 
tube is preferably approximately equal to 

20 the nominal internal diameter of the pipe- 
linc into which it was to be fixed. 

The material used for the manufacture of 
the membrane would be selected to suit the 
fluid transported in the pipeline to be 

25 treated, factors such as relaliw permea- 
bility, compatibility ar.d neutrality being 
taken into account. 

A suitable seamless tube can be manu- 
factured by extrusion of a suitable plastics. 

JO rubber or similar material. Alternatively, 
a lube can be knitted using a suitable 
thread, the hose produced being made m- 
pervious by coating or impregnation by 
suitable rubber or plastics compounds. 

35 Two methods of positioning the mem- 
brane inside the pipe-ire to be lined and 
sealed can be used. 

In the first the tube is pulled in:o and 
through the pipeline by cord or rope. On 

40 completion of the puISing-through operation 
the ends of the tube are secured by bond- 
ing or other means to the ends of the length 
of pipeline under treatment. 

If then the two ends of the pipeline are 

45 sealed to the atmosphere and pressurised 
air supply is fed to the interior of the tube, 
the tube is inflated and brought into contact 
with the inner surface of the pipeline. Vents 
in the pipeline permit air entrained between 

50 the oute." surface of the membrane and the 
pipe to escape. 

With a suitable adhesive previously tp 
plied only to the upper interior surfaces of 
the pipeline or to the top external surface 

55 of the membrane (or to both pipe and 
membrane) permanent attachment of the 
membrane to the pipe is achieved. 

This first method would generally be suit- 
able for use on short lengths of pipeline. On 

60 long lengths, the membrane may be exces- 
sively stressed due to the tensile forces im- 
posed on it. 

The second method of locating and secur- 
ing the membrane lube in position is more 

65 suitable for the treatment of long lengths of 



pipeline. 

In this method, the tube, folded after 
manufacture and packed into a carrying 
device, is pulled or propelled through he 
pipeline dispensing the membrane tube pro- 70 
grcssively. 

The first method mentioned needs little 
elaboration. The second method will now 
be described in detail with reference to the 
accompanying drawings. 73 

Figures I to 6 show various slages in a 
method of packing a membrane tube in a 
container; 

Figure 7 shows a section through a pipe- 
line with a container moving through; 

Figure 8 shows an end view of the con- 
tainer of Figure 7 in the pipeline; and 
Figure 9 shows the treatment of a buried 
pipeline. 

Figure I shows a thin-walled membrane $5 
tube 1 1 of circular section. By axial and 
progressive movement the tube is drawn 
through a former of initially square or 
rectangular section 12. being held in this 
shape either by suction through slots 13 90 
in the walls of the former, or by internal 
inflation by air. 

At this stage two opposing surfaces 14 
are coated with a suitable adhesive by 
brush or spraying. The adhesive selected 95 i 
is of a i\pe which is unsuitable for per- 
manent adhesion to a liketreated surface, 
and serves only to assist the packing opera- 
tion. 

Following this the lube II is drawn fur- \qq 
ther into the former, which remains of con- 
stant width whilst reducing in height to 
form a symmetrical taper as shown in 
Figure 4 in perspective view. 

Vacuum application to or internal inlla- |Q5 ; 
tu n of the surfaces free of adhesive is main- 
tained at this stage whilst air under slight 
pressure supplied through ducts 15 cause 
the adhesive treated surfaces to deflect and 
fold inwards as depicted in Figure 3. The j jq 
slight air pressure supplied through ducts 
15 supplements the deflection inwards of 
the membrane which would be forced to 
assume the shape of the former 12. 

On leaving the former, rollers 16 (Figure jjj 
5) compress the folded tube into a thin 
rectangular section. It will be seen that 
the two adhesive coaled surfaces 14 have 
each been folded inwards and held together 
temporarily for ease of handling. 

When folded as described, the width of 
the flattened membrane tube will be seen 
to be approximately equal to a quarter of 
the circumference of the original round- 
sectioned tube. 1 25 

The flattened coil is now folded alterna- 
tively 10 the left and right in equal lengths 
21. in a manner suitable for packing it in 
a container 20 (Figure 6). 

However, other methods of folding the 130 
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tube may be adopted in order that it may 
be easily stored in the container. Figures 
3 and 4 depict a fo;mer 12 capable of pro- 
ducing a llalte:v:d tube ha\ing a width equal 
5 approximately to a quarter of ihe circum- 
ference of the original membrane tube. By 
providing more than one recess or indenta- 
tion to each of the sides of the former 12 
it is possible to produce a flattened tube 

W having a width less than a quarter of the 
original tube. 

Thus a former 12 with two indentations 
to each of its sides wil! produce a flattened 
lube having a width equal approximately 

15 to a sixth of the circumference of the origi- 
nal membrane tube. 

The thickness of the flattened tube II as 
shown is approximately equal to four times 
the wall thickness of the membrane. The 

20 lengths 21 of the folds will be limited by the 
dimensions of the container 20, the dimen- 
sions of which in turn will be dependent 
on the internal diameter of the pipeline to 
be treated and through which the container 

25 is to be drawn or propelled. 

For a 12" diameter pipeline, the folds 
21 of the flattened and folded membrane 
lube may be approximately 7". If the 
membrane has a thickness of : t '\ n section 

30 of pipeline about 1,000 ft. in length can be 
treated using a container 20 only 9 it. long. 

Figures 7 and 8 depict a carriage com- 
prising the container 20, into which a flat- 
tened tube has been packed, in position in 

35 a pipe 22. 

An arrow 23 indicates the direction of 
movement of the container 20 through the 
pipe. The means by which the container is 
propelled through the pipe are not shown. 

40 At the leading end of the container 20 a 
clamp 24 holds the free end of the flattened 
tube 1 1 securely. The other end of the con- 
tainer is equipped with dispensing rollers 25 
through which the tube is placed during the 

45 container packing operation. The rollers 
25 are actuated through drive chains or 
bands 26 by other rollers 27 in fricliona! 
contact with the pipe wall. The drive 
chains or bands 26 are crossed as depicted 

50 to effect correct rotational movement of the 
rollers. 

In forward motion of the container 20, the 
flattened coil 1 1 is paid-out or dispensed 
into the pipe 22 by the action of the rollers 
55 75. 

The driving rollers 27 and the dispensing 
rollers 25 are connected to the container 20 
by radiusing linkages 28. The forces neces- 
sary to keep the rollers 25 in contact with 
60 the flattened membrane tube 11 and the 
rollers 27 in fricliona! contact with the 
pipe wall are provided by the compression 
springs 29. 

To ensure th3t the flattened tube 11 is 
65 laid in the pipe such that its horizontal axis 



at any section is always parallel to the 
horizontal axis of the pipe, two sets of 
wheels 30 on the undciside of the container 
20 are mounted oa struts 31 inclined both 
laterally of the centre vertical axis 32 of the 70 
container, and backward!)' of its direction 
of movement 23. 

The inclined struts 31 ensure thai the 
wheels 30 provide a castoring action and 
prevent the container from climbing the 7 5 
walls of the pipe. 

The base of the container 20 is provided 
with weights 33 which together with the 
ca>toring action of the wheels 30 ensure 
that the vertical axis 32 of the container 80 
remains in the vertical plane during its pro- 
gress through the pipe. 

The container 20 may be made from a 
flexible material, such as a semi-rigid p* is- 
tio. in i rder that curves or bends in a pipe- K5 
line can. be negotiated with the minimum 
of resistance. 

Also the container muy be provided with 
tension-mounted wheels 34 on its sides and 
lop to limit any tendency for it to sway W 
during forward progress. It has such cross- 
sectional dimensions as are necessary for 
holding a folded membrane lube 1 1 suitable 
for a particular diameter of pipeline. The 
container may also be made in tubular 95 
form without wheels. The folded membrane 
lube would be stored in a rectangular 
shaped space in the container. On the lower 
surface of the folded membrane lube and 
the wall of the tubular container, weights 100 
would be provided in order that correct 
orici.iation of the horizontal axis of the 
container be maintained during its forward 
progress through a pipeline. The length of 
the "container 20 ma; be determined in any 105 
instance by the !eng;h i.f folded tube to be 
stored which in turn would be related to the 
length i.f pipeline to be treated. Variations 
in the lc;h.;h of a container 20 may be made 
by joining together lengths of container wall | jo 
by flanged joins or other suitable means. 

The leading end of the container is lilted 
with a towing eye 35 to which towing means 
(n*4 shown) may be attached. 

At the following or dispensing end of the 115 
container 20 and connected U> it by means 
(not shown) is a membrane tube expander 
36. The flattened membrane tube 1 1 is 
threaded through a rectangular slot 37 at 
the front end of the expander and having |20 
its major axis coincident approximately with 
the horizontal axis of the pipe. The other 
end 3S of the expander is of circular cross- 
section, having an external diameter ap- 
proximated equal to the internal diameter ] 25 
of the pipe being ireated. 

The expander 36 may be constructed 
from a suitable plastics material having 
semi-rigid characteristics. If required an 
adhesive dispenser or spray for treating the 130 
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wails of ihc pipe could be attached lo the 
front end of the expander 36. 

The method o»" operation will now be 
described with reference to the buried pipc- 
5 line shown in Figure 9. 

Access pits 40 and 41 are shown at each 
end of a length of pipeline 42. Porl-ons oi 
pipe have been removed for the purpose of 
gaining ac\ess to the interior. 
10 " Prior to the application of the lining and 
scaling membrane tube the interior of the 
pipe wou!d require to be drained and the 
inner surfaces cleaned of debris, rust, 
growths, etc.. by means commonly cm- 
15 ployed for such purposes. 

After craning, th: upper part of the in- 
terior surface of ihc nipelinc may be coated 
with a !aver of adhesive. The u>e and choice 
of an adhesive or other stnuib!c fluid would 
20 be dependent on the materia 1 selected for 
the membrane tube. 

In one method. the inner surface of a 
pipeline may be coated with a fluid ol a 
tvpc which would interact chemically with 
25 a "sec- -'xl llu=d applied to the oiMer surface 
of the membrane' tube. Alternatively, the 
pipe surface and or the membiane iube 
mav be coated with adhescive or cement or 
a type which on being allowed to dry has 
30 the ability to form a bond following the 
application of pressure. 

Referring to Figure 9 the flattened mem- 
brane tuhe~ II is ^depicted as having been 
passed through the rectangular slot 37 of 
35 the expander" 36 and secured to the open 
end of the pipe 42 in the access pit 40. 

The means by which the tube is to be 
secured to the pipe end is not depicted in 
the drawing, although the end of the 
40 flattened tube needs first to be opened out 
to a circular shape. The end of the pipe in 
access pit 40 is then sealed with a cap or 
plug and air under pressure is injected into 
the opencd-out end of the membrane tube. 
45 As the container 20 moves along the pipe 
from the ore access pit 40 to the other 
access pit 41 it will he seen that the flat- 
tened membrane tube 1 1 will be paid out 
into the expander 36. The air pressure 
50 causes expansion into a circular shape of 
the the membrane tube 11 between the 
sealed end of the pipe 42 and the ex- 
pander 36. 

Under continued air pressure the outer 
53 surface of the membrane tube is brought 
into intimate contact with the inemal sur- 
face of the pipeline. The force applied to 
the inner surface of the membrane tube 1 1 
by the air pressure must be of adequate in- 
60 tensity to ensure adhesion of the tube to the 
upper part of the wall of the pipe 42 by 
virtue of the adhesive used. 

Tf required, a cylindrical plunger 44 of a 
flexible material, which is capable of being 
65 compressed and propelled by air pressure 



can be used lo produce intimate and force- 
ful contact of the membrane tube with the 
pipe surface, and thus effect absolutely 
secure adhesion.. 

On reaching access pit 41 the container 70 
20 is removed from the pipeline and the end 
of the ilatics-ed membrane lube 1 1 released 
frcm the damp 24. By manual manipula- 
tion the end of the flattened membrane tube 
I I is re-formed into a circular shape and 73 
attached to the end of the pipe 42 in the 
pit 41. At this stage the plunger 44 if 
employed, is withdrawn from ihc inside of 
the membrane tube. 

The membrane t::be wuuld then have 80 
been applied continuously from one access 
pit 40 lo the other access pit 41. 

Prior to the lining and sealing processes 
as described to a selected length of pipe- 
line, a pressure test would be applied to 85 
determine the degree of leakage of the 
section. After lining, a further pressure 
te^t w<ui!d be :»pp:»ed !.> cheek the efficiency 
of tiie new lining prior to the section of 
pipeline being put back into service. 90 

Since the membrane tube is attached at 
the top of the pipeline and left free at the 
bottom, there is no difficulty if the mem- 
brane tube were slightly too small in any 
particular case. 95 

On gas and water mains serving con- 
sumers, connections are fitted to the main 
to effect individual supply. These connec- 
tions which are constructed by drilling and 
threading small holes in the main invariably I00l 
on its upper invert would be sealed off by 
the lining process described in this inven- 
tion. 

To re-form such outlets the newly placed 
membrane lube would require to be pierced. I0S| 

The location and piercing of the outlets 
may be achieved following the lining pro- 
cess by propelling a device through the 
pipeline, the device being equipped with 
small rollers having diameters less than the 1 10| 
si/es of the connection holes, with tension- 
ing arms linking the rollers to the device 
such that in prosre^s through the pipeline 
the rollers would be forced into contact 
with the lining. 115| 

A roller thus in contact with the mem- 
brane tube would be depressed into any 
outlet underlying the membrane tube. Bv 
means of an electrical or magnetic switch 
attached to the tensioning arm of the roller 12C 
the progress throuah the pipeline of the 
device to which the roller was attached 
would be immcdiacly halted by the move- 
ment of a roller into the cavity behind the 
membrane formed by the outlet. \2i 

By remote control from the exterior of 
the pipeline the roller in contact with the 
depression described would then be re- 
tracted and replaced by a piercing device 
operating on an arm swung to move into 13( 
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the position previously occupied by the 
roller. 

In another method ll;e locating and pierc- 
ing of the outlets may be achieved by pro- 
5 pelling a device through the pipeline fol- 
lowing the lining process, the device being 
equipped with a magnetic or ultrasonic 
sensing unit affixed to, but free to oscillate 
about the longitudinal axis of the pro- 
10 pelled device. 

The oscillatory movement would be re- 
stricted by a counter-weight, such that the 
magnetic or ultra-son iC sensing heads would 
scan the upper inveil of the pipe. 
15 The propelled device would be connected 
to electrical power and signal cables lead- 
ing back to the end of the pipeline. In for- 
ward motion the magnetic or ultra-sonic 
sensing unit would emit either a magnetic 
20 field or an ultra-sonic pressure wave. 

The magnetic wave or the ultra-sonic 
wave thus caused to focus on the upper in- 
vert of the pipe would give no reflective 
change in character unless broken by im- 
25 pingement on an outlet or connection to 
the pipeline. 

In so doing the signal 'note* produced 
would alert the operator guiding the pro- 
pelled device. 
30 By remote control from the exterior of 
the pipeline the magnetic or ultra-sonic 
sensing device would be rotated and re- 
placed in position by a piercing device, 
actuated to pierce the membrane and hence 
35 make an outlet to the connection. 

By piercing the membrane the outlet to the 
connection is remade. 

A summary of the uses to which the 
invention could be put is as follows: - 
40 (a) Lining of new pipes and pipelines. 
ib) Lining of old pipes and pipelines, 
(c) Re-lining of old pipelines. 
<d> Sealing of leaks in old pipelines, 
(e) Preventing the occurrence of leaks in 
45 in pipelines and/or the deterioration 

of the surface of pipelines. 
It may be used to apply more than one 
membrane lining to the same pipeline, the 
advantage of which would be to improve 
50 the strength of the pipeline by building-up 
several reinforcing layers of membrane of 
suitable material, thus effecting not only the 
establishment of a barrier to deterioration 
and leakage in a pipeline but an increase 
55 in the hoop strength of the pipeline. Thus, 
the working pressure of the fluid trans- 
ported by the pipeline may be increased, 
resulting in an increase in volumetric flow 
or carrying capacity of the pipeline. 
60 T he membrane may be manufactured 
from a fine thread of high tensile material 
such as steel, giass fibre or nylon and 
formed by a knitting process to produce a 
hose which is then impregnated with a suit- 
65 able compound to form an impervious and 



continuous surface. 

Use of such a membrane allows an ex- 
tremely strong inr.er shell to be formed in 
a pipeline, producing the ber.elit of even 
greater improvements in pressure applica- 70 
tion and volumetric flow. 

Thus, it will be >con that the invention 
may be used to up-grade the pressure and 
flow characteristics of an existing pipeline, 
which might or might not require also to be 75 
treated for the deterioration of its inner 
surfaces or its joints. 

vvn/\i wu ^l/mivi i:>: 

1. A method of lining the inner surface 

of a cylindrical pipeline comprising insert- 80 
ing ir.to the pipeline a tubular, flexible, im- 
permeable membrane in a collapsed state, 
expanding the membrane by injection of a 
fluid until the membrane lies adjacent said 
surface, and causing the membrane to ad- g$ 
here to the surface over only the upper 
part thereof by means of an adhesive. 

2. A method as claimed in Claim 1 
wherein air is injected to effect said expan- 
sion. 9Q 

3. A method as claimed in Claim 2 
wherein the membrane is pressed firmly by 
the injected air into intimate contact with 
the *urface over its whole circumference. 

4. A method as claimed in Claim 1, 2 g$ 
or 3 wherein it is ensured that air is not 
trapped between the outside of the mem- 
brane and the surface. 

5. A method as claimed in Claim 4 
wherein said membrane is partly coated ex- jqq 
ternally with adhesive before insertion in 

the pipeline. 

6. A method as claimed in Claim 4 or 5 
wherein said surface is coated with adhesive 
before insertion of the membrane in the jqj 
pipeline. 

7. A method as claimed in any of Claims 
I to 6 wherein the membrane is inserted in 
the pipeline by pulling one end of the mem- 
brane through the pipeline, starting at one «. 0 
end of the pipeline, until said one end of 

the membrane lies at the other end of the 
pipeline. 

8. A method as claimed in any of Claim 

I to 6 wherein the membrane is inserted in ||j 
the pipeline by holding one end of the mem- 
brane at one end of the pipeline and moving 
the remainder of the membrane, held in a 
container, through the pipeline, paying out . 
the membrane from the container until the |20 
other end of the membrane lies at the other 
end of the pipeline. 

9. A method as claimed in Claim 8 
wherein the membrane ia the container is 
held folded in zig-zag fashion. 125 

10. A method as claimed in any preced- 
ing claim in which the membrane is punc- 
tured at selected points after application 
to permit communication between the pipe- 
line and apertures in the surface. 130 
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II. A method as claimed in any pro- 
ceeding Claim which is employed more 
lhan once in a single pipeline to provide a 
coating formed a plurality of layers. 
5 12. Apparatus for use in' the method of 
Claim I comprising a container for holding 
the flexible tubular membrane, the con- 
tainer being supported on wheels adapted 
to run on the walls of the pipeline and 

10 means for paying out the flexible tubular 
membrane in a rearward direction relative 
to the direction of motion of the container. 

!?. Apparatus as claimed in Claim !2 
wherein said wheels arc on mounts which 
project rearwardly of said direction of 

15 motion. 

14. Apparatus as claimed in Claim 12 
or 13 wherein ballast weights are mounted 
in such a position as to maintain the appa- 
ratus upright when it is travelling through 

20 the pipeline. 

15. Apparatus as claimed in any of 
Claims 12 to 14 wherein said means for 



paying out includes a pair of adjacent 
rollers driven indirectly by friction wheels 
which are engageab!c with the walls of the 25 
pipeline through which the appratus is pass- 
ing. 

16. Apparatus as claimed in any of 
Claims 12 to 15 which is articulated or 
flexible to allow the apparatus to pass along 30 
an elongated pipeline which is curved longi- 
tudinally. 

17. Apparatus for lining the inner surface 
of a cylindrical pipeline substantially as 
herein described vviih rcterence io and as 35 
illustrated in the accompanying drawings. 

18. A method of lining the inner surface 
of a cylindrical pipeline substantially as 
herein described with reference to and as 
illustrated in the accompanying drawings. 40 

For the Applicant. 
J. F. WILLIAMS & CO.. 
Chartered Patent Agents. 
1 13 Kinsswaw 
London. WC2B 60P. 
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